Control of expression, glycosylation, and secretion of HIV-1 gp120 by homologous and heterologous signal sequences.
The HIV-1 gp120 signal sequence of 30 amino acids is longer than most glycoprotein signal sequences and contains an average of 5 positively charged amino acids. The HIV-1 gp120 gene with its natural signal sequence expressed in any prokaryotic or eukaryotic expression systems showed extremely low levels of synthesis and secretion. However, deletion of the HIV-1 gp120 signal sequence results in production of large quantities of a nonglycosylated form of gp120 in Spodoptera frugiperda cells. Substitution of the gp120 natural signal sequences with the signal sequences from honeybee mellitin or murine interleukin 3 promotes a high level of expression of a glycosylated form of gp120 and efficient secretion. These heterologous signal sequences contain one (mellitin) or no (IL-3) positively charged amino acids and led us to investigate the role of the positively charged amino acids in the signal sequence of HIV-1 gp120. Four charge-altered forms of the gp120 signal sequence of HIV-1 were constructed by site-directed mutagenesis in which the positively charged amino acids were sequentially substituted with neutral amino acids. The results of these experiments showed that the expression and secretion of gp120 was progressively increased by eliminating the positively charged amino acids in a stepwise fashion. However, the substitution of all positively charged amino acids resulted in the accumulation of nonglycosylated gp120 within the cells with decreased amounts of the glycosylated form of gp120. These results demonstrate that the positively charged amino acids in the signal sequence of HIV-1 gp120 are key factors in determining its poor expression and secretion. Analyses of intracellular transport and folding of gp120 further indicate that the presence of a highly charged, uncleaved signal sequence is an important factor limiting transport of gp120 from the rough ER to the Golgi apparatus.